To study the effects of focal infarction on the capacity for functional activation of an ipsilateral somato sensory system remote from the lesion, we produced a small thrombotic infarct in the left frontal pole of male Wi star rats by a photochemical method. Five days later, the awake, restrained rats received tactile stimulation of the large whiskers (vibrissae) of the right side of the face, while a double-label 14C-autoradiographic study of local CMRglc (lCMRgJc) and local CBF (lCBF) was performed. Unlesioned and unstimulated animals served as controls. In rats without frontal infarct, vibrissae stimulation led to activation of ICMRglc in the three synaptic relay stations of the barrel-field pathway (ipsilateral trigeminal medul lary nucleus, contralateral ventrobasal thalamus, and contralateral barrel-field cortex). The mean increment in ICMRglc was 42% in lamina IV of barrel-field cortex and 49% in ventrobasal thalamus. Normalized ICBF tended to increase in superficial cortical laminae. In unstimulated animals with frontal infarct, ICMRglc was reduced by 20-30% throughout the ipsilateral barrel-field cortex as
well as other ipsilateral cortical regions, but not in ven trobasal thalamus or other subcortical areas. In animals with frontal infarct subjected to contralateral vibrissae stimulation, a remarkable suppression of activation was observed throughout the barrel-field cortex so that left less-than-right hemispheral ICMRglc asymmetry per sisted despite stimulation. The ventrobasaL thalamus, similarly, failed to increment its ICMRglc with vibrissae stimulation, whereas activation of the trigeminal nucleus was not suppressed. Similar trends were observed in the normalized ICBF data. These observations, which estab lish that a small frontal infarct is capable of suppressing normal physiological activation in remote ipsilateral brain structures, may have important implications with respect to suppression and recovery of function in human isch emic stroke. Key Words: Diaschisis-Cerebral infarc tion-Local cerebral glucose utilization-Local cerebral blood flow-Somatosensory system-Autoradiogra phy-Rat.
to defining the extent of diaschisis in humans, the rigorous study of this phenomenon has been com plicated by the extraordinary variability in extent, location, and confounding systemic variables in clinical stroke.
The present study was designed specifically to examine the question of whether the presence of a focal ischemic cortical lesion might affect the func tional responsiveness of a neural system remote from that lesion when challenged by physiological activation. To this end, we have made use of a rel atively noninvasive method for inducing an infarct of consistent size and location in the frontal pole of Wistar rats (Watson et aI., 1985) . Local CMRglc (lCMRglc) and local CBF (lCBF), assessed by a dou ble-label autoradiographic procedure (Ginsberg et aI., 1986) , were used to gauge the extent and loca tion of functional activation responses. We chose to assess responsivity in a well-characterized rodent somatosensory system-the vibrissae-barrel-field circuit, which mediates somatosensory reception from the large facial whiskers (vibrissae). This cir cuit consists of three synaptic relay stations: ipsi lateral trigeminal medullary nuclear complex; con tralateral ventrobasal thalamic nucleus; and contra lateral barrel-field cortex. Previous studies have exhaustively characterized the anatomic features of this circuit (Belford and Killackey, 1979; Van der Loos, 1976; Woolsey and Van der Loos, 1970) and have explored normal and abnormal activation re sponses (Dietrich et aI., 1985 (Dietrich et aI., , 1986a (Dietrich et aI., , 1988 Gins berg et aI. , 1987) . Because the barrel-field cortex was well removed from the frontal lesion site in this study, it provided a useful means of gauging the remote functional consequences of the lesion.
METHODS

General design
Male Wi star rats weighing 255-345 g were used in these studies. Four separate animal subgroups were studied: group I-control rats, not subjected to frontal infarction and not receiving somatosensory stimulation; group 2-rats not receiving frontal infarction but subjected to uni lateral vibrissae-barrel-field stimulation; group 3-rats with 5-day-old left frontal infarction not receiving so matosensory stimulation; and group 4-rats with left frontal infarct subjected to ipsilateral barrel-field stimu lation. Each group consisted of five animals.
Induction of cerebral infarction
Five days before the autoradiographic studies (to be described below), rats in groups 3 and 4 were anesthe tized with 3% halothane and were maintained on 1.5% halothane, 70% nitrous oxide, and a balance of oxygen delivered by a closely fitting plastic face-mask. A photo chemical method developed in our laboratory (Watson et aI., 1985) was employed to produce a small left frontal infarct. In brief, the scalp tissues were incised and re tracted to expose the skull. The photosensitizing dye rose bengal, 1.33 mllkg of a 7.5 mg/ml saline solution, was injected via a tail-vein cannula. The skull region overlying the left frontal cortex was positioned at the beam focus of a vertically mounted xenon arc lamp that delivered a spectrally filtered green beam of band width 60 nm cen tered at 560 nm-the absorption maximum of rose bengal in tissue. The beam shape at the skull surface was defined by a flat piece of brass shim stock, into which a trapezoi dal hole had been cut congruent with, but slightly smaller than, the frontal cortical surface. An irradiation period of 2 min was employed. A high-speed fan placed near the head was employed to prevent increases in brain temper ature during irradiation. The photochemical method in duces microvascular endothelial injury with platelet ag gregation in the irradiated field and gives rise to a consis tent zone of cortical ;!1farction that (at 5 days) is characterized by confluent parenchymal necrosis and pe ripheral macrophage infiltration. Extensive studies to val-J Cereb Blood Flow Metab. Vol. 9. No. 3. 1989 idate the method and to characterize the resulting lesion by light microscopic and ultrastructural analysis have been published (Watson et aI., 1985) , and the effects of this lesion on cerebral blood flow (Dietrich et aI., 1986b) , glucose use (Dietrich et aI, 1986c) , and blood-brain bar rier function (Dietrich et aI., 1987) have been described.
Vibrissae-barrel-field stimulation
In preparation for this procedure, rats were anesthe tized with 3% halothane and maintained on 1.5% halo thane, 70% nitrous oxide, and a balance of oxygen deliv ered via a face mask. Polyethylene catheters were in serted into both femoral arteries and femoral veins. Arterial blood pressure was continuously monitored and recorded on a polygraph, and multiple arterial blood sam ples were drawn for assay of arterial blood gases and pH in a multielectrode system (Radiometer, Copenhagen, Denmark). Rectal temperature was maintained at 37°C by a thermostatically controlled heating lamp. Wounds were closed after infiltration with 1% lidocaine. Animals were restrained in a plaster body-cast and were allowed to re cover from the effects of anesthesia for 2 h.
In rats to receive vibrissae-barrel-field stimulation (groups 2 and 4), all of the large whiskers (vibrissae) on the right side of the rat's face were first trimmed to the same length. These whiskers were then stroked two to three times per second with a hand-held brush. This stim ulation was begun 5 min before the commencement of the autoradiographic procedures described below, and was continued until these studies were completed. In rats not receiving barrel-field activation (groups 1 and 3), animal preparation and restraint were identical, but the whiskers were not stimulated.
Autoradiographic measurement of glucose use and blood flow
In each rat of this series, ICMRglc and ICBF were de termined by a double-label autoradiographic strategy, whose validation (Ginsberg et aI., 1986) and application (Ginsberg et aI., 1987) have been reported. To summa rize, rats received an intravenous bolus injection of 20 f.lCi of 2-(l-14C)deoxY-D-glucose (2-DG) (New England Nuclear Boston, MA, U.S.A.; specific activity 45-55 mCilmmol), and a quantitative lCMR g1 c study was per formed in the usual manner (Sokoloff et aI., 1977) . During the final (45th) min of the 2-DG study, an lCBF study was performed by infusing 50 f.lCi of iodoe4C)antipyrine (lAP) (New England Nuclear; specific activity 4�0 mCii mmol) at a constant rate for 45 s with repeated sampling of arterial blood as previously described (Sakurada et aI., 1978) . The study was terminated by decapitation, and brains were quickly removed and immersed gradually in liquid nitrogen. Whole-blood 14C_IAP and plasma 14C_ 2-DG arterial activities were measured by liquid scintil lation counting; lAP measurements were corrected for residual 14C-2-DG background by subtracting the whole blood 14C-2_DG activity value measured just before lAP administration. Coronal brain sections were prepared at 20 f.lm intervals in a motor-driven cryostat, and quadru plicate serial sections at multiple levels were affixed to glass plates and exposed to Kodak SB-5 film for 4 days. These plates were then washed in chloroform under con tinuous agitation for 5 days-a procedure that removes virtually all lAP (Ginsberg et aI., 1986) . Sections were then reexposed to film for 10 days. Pre-and postwash autoradiograms were mechanically aligned under micro- The digitized prewash and postwash images were con verted to units of tissue activity as previously described (Ginsberg et aI., 1986) ; a value of 0.02 was used for frac tional postwash lAP retention (Ginsberg et aI., 1987) . Fractional postwash 2-DG retention was computed from single-label 2-DG-containing brain sections included on the autoradiograms (Ginsberg et aI., 1986) ; this value av eraged 0.572 ± 0. 115 (SD) for the entire series. lCMRglc and lCBF were then computed in the usual fashion from tissue 2-DG and lAP activities, respectively (Sakurada et aI., 1978; Sokoloff et aI., 1977) . The operational equation for ICMRglc was modified to account for the influence of variable plasma glucose levels (Savaki et aI., 1980; Sokoloff, 1980) . Values assigned to the rate constants and the lumped constant were those determined by Sokoloff et al. (1977) in the normal rat. A value of 0.57 was used for kz + k3 for glucose. Region-of-interest measurements were performed by means of interactive computer rou tines permitting ICMR l! lc' lCBF, and the lCBRglc/lCBF ratio (computed on a plxel-by-pixel basis by image divi sion) to be measured simultaneously from any region. In the barrel-field cortex, measurements were made of both individual laminae as well as larger cortical regions com prising the superficial and deep halves and the full thick ness of the cortex.
Statistical analysis
Data are presented as mean values ± SD. Left-and right-hemisphere data in the four animal groups were an alyzed by two-way analysis of variance, and statistical significance was assessed by Scheffe's S test, Dunn's multiple comparison procedure, and Tukey's honestly significant difference test (Kirk, 1982) . To be regarded as statistically significant, it was required that at least two of these post hoc tests show significance at the p < 0.05 level.
RESULTS
Physiologic variables
These are presented in Table 1 . These awake, spontaneously breathing rats tended to exhibit moderate hypocapnia at rest, but arterial Peo2 values rose in those groups (groups 2 and 4) receiving vibrissae stimulation, suggesting that the tendency to hyperventilate at rest was inhibited during vibris sae stimulation. Similar arterial Peo2 values were observed in our previous study of awake rats with barrel-field stimulation (Ginsberg et aI., 1987) . As described below, auto radiographic data were also analyzed after normalization, in part to offset the possible influence of arterial Peo2 values on CBF.
Frontal lesion
Autoradiograms revealed that a consistent left frontal polar lesion had been successfully produced in all animals of groups 3 and 4 ( Fig. 1) . Maximal cross-sectional lesion area estimated by planimetry on prewash autoradiograms averaged 2.8 ± 0.5 (SD) mm2 in animals of group 3, and 3.6 ± 1.3 mm2 in animals of group 4. These values were not signif icantly different from one another.
Autoradiographic data
Group mean values of ICMRgIc, ICBF and the ICMRIlCBF ratio in rats of groups 1-4 are presented in Tables 2-5, respectively. Data from unstimulated control rats are shown in Table 2 . In control rats receiving left barrel-field (right vibrissae) activation (Table 3 ; Fig. 2a creases of 26.1 % in barrel-field laminae I-III (p < 0.05, analysis of variance); 42.0% in lamina IV (p < 0.01); and 21.4% in laminae V-VI (NS). The left ventrobasal thalamic nucleus increased its ICMRgIc by 48.8% with stimulation (p < 0.05); and ICMRgIc in the right (ipsilateral) trigeminal nucleus increased by 59.1% (p < 0.05). There was a tendency for ICBF to increase with stimulation predominantly in the superficial barrel-field laminae (mean 21.2%) as has been previously reported (Ginsberg et aI., 1987) , although this value failed to achieve signifi cance in the present study owing to the large vari ance of the double-label ICBF measurement.
In unstimulated animals with left-frontal infarct (Table 4) , local glucose metabolism was depressed throughout widespread regions of the ipsilateral hemisphere. Compared with unstimulated control rats (Table 2), ICMRgIc was reduced by 24.9% in laminae I-III (p < 0.05); by 27.6% in lamina IV (p < 0.05); by 30.8% in combined laminae I-IV (p < 0.01); but to an insignificant degree (20.1 %) in lam inae V-VI. ICMRglc was not significantly reduced in the left ventrobasal thalamic nucleus or in the right trigeminal nucleus in these animals. ICMRglc values in barrel-field structures of the hemisphere contra lateral to frontal infarct did not differ from controls. Thus, left-Iess-than-right asymmetries for ICMRglc were present throughout the barrel-field cortex of the group 3 animals, with reductions ranging from 12 to 24%, and most pronounced in lamina IV.
In animals with left frontal infarction subjected to ipsilateral barrel-field stimulation (group 4), a re markable suppression of barrel-field activation was observed throughout the barrel-field cortex as well as the ipsilateral ventrobasal thalamus (Table 5 ; Fig. 2b ). Thus, despite left barrel-field stimulation, left-less-than-right hemisphere asymmetry per sisted for laminae I-III (p < 0.01), lamina IV (p < 0.01), combined laminae I-IV (p < 0.01), lamina V (p < 0.01), and the full thickness of the barrel-field cortex (p < 0.01). In ventrobasal thalamus, mean left-and right-hemisphere ICMRglc values were identical, denoting an absence of stimulation induced thalamic activation ipsilateral to frontal in farct. By contrast, the right trigeminal nucleus dis played activation (p < 0.05) comparable to the level observed in stimulated nonlesioned rats.
Reduced glucose metabolic rate ipsilateral to left frontal lesion was observed as well in cortical struc tures lying outside the barrel-field circuit. Thus, left-less-than-right hemisphere asymmetries for ICMRglc were apparent in the visual cortex of group 
rats and in the visual and auditory cortices of group 4 animals (Tables 4 and 5).
Before normalization (to be described below), statistically significant ICBF differences occurring as a result of left frontal lesion could not be dem onstrated.
Normalized lCMRgIc and lCBF findings
In an effort to decrease that component of vari ance attributable to global interanimal differences in ICMRglc and/or ICBF, the data of this study were also analyzed after normalization. This was achieved by first determining an average CMRglc and CBF value for the right (i.e., unstimulated, un-J Cereb Blood Flow Metab, Vol. 9, No. 3, 1989 lesioned) hemisphere of each rat, computed by av eraging all right-hemisphere regional forebrain val ues in each rat, weighted according to the number of pixels contributing to each respective regional measurement. Each regional ICMRglc and ICBF value of every animal was then divided by that an imal's respective mean right-hemisphere value. These normalized data were then averaged for each animal group. These results are presented in Figs. 3 and 4. In structures belonging to the vibrissae barrel-field circuit (Fig. 3) , the normalized data show clearly the stimulation-induced increment in ICMRglc and ICBF produced by vibrissae stimula tion. These data reveal, as well, the depression of normalized ICMRglc values ipsilateral to frontal le sion persisting within all laminae of the left barrel field cortex even in the presence of right vibrissae stimulation. Normalization also facilitated the de tection of stimulation-induced ICBF increments within laminae I-III, lamina IV, and ventrobasal thalamus of control, stimulated rats (Fig. 3) . Analysis of normalized data also corroborated that the left frontal lesion suppressed ipsilateral CMRglc in frontoparietal motor cortex, visual cor tex, and auditory cortex (the latter being apparent only in group 4 rats) (Fig. 4) . Normalized ICBF was reduced in group 4 rats ipsilateral to frontal infarct (Fig. 4) .
DISCUSSION
The vibrissae-barrel-field circuit of the rat is an extensively characterized somatosensory system well suited to experimental analysis (Belford and Killackey, 1979; Dietrich et ai., 1985; Ginsberg et ai., 1987; Van der Loos, 1976; Woolsey and Van der Loos, 1970) . The data of the stimulated, unlesioned rats of this study are generally consistent with the results previously obtained by our laboratory (Gins berg et al., 1987) , showing increments of local glu cose use in the three synaptic relay stations of this pathway-contralateral lamina IV (the primary re ceptive layer of the barrel-field cortex), contralat- eral ventrobasal thalamus, and ipsilateral trigeminal medullary nucleus (Tables 2, 3 ; Figs. 2a and 3) . The hemodynamic increment after 45-50 min of vibris sae stimulation predominated in the superficial cor tical laminae (Fig. 3) , as has been previously noted (Ginsberg et aI. , 1987) . In the 14C-double-Iabel au toradiographic strategy, the measurement of ICBF has rather greater imprecision than the ICMRglc measurement; factors responsible for this have been analyzed in detail (Ginsberg et aI. , 1986) . This probably accounts for the more modest degree of statistical significance associated with hemody namic than with metabolic activation in the present study (Fig. 3) .
In unstimulated rats (Group 3), the presence of a small unilateral infarct of the frontal pole signifi cantly depressed ICMRglc of ipsilateral barrel-field structures by 25-30% below control. This trend was seen as well in certain ipsilateral cortical regions lying outside the barrel-field. However, the frontal lesion failed to suppress resting ICMRglc in the ven trobasal thalamic nucleus, nor was glucose use sup pressed in the contralateral cerebral hemisphere. In our earlier auto radiographic studies of acute and subacute infarction (Dietrich et aI., 1986b (Dietrich et aI., , 1986c , in which the effects of a rather larger and more posteriorly situated cortical lesion were analyzed, a widespread depression of ipsilateral glucose meta bolic rate, approximating 20-25% below control levels, was found at 5 days throughout ipsilateral
cortical regions, whereas contralateral cortical re gions were unaffected (Dietrich et aI. , 1986c) . This contrasted with the pattern noted at 4 h, in which depressed metabolism was present in only a few ipsilateral cortical loci, but was observed in the ho mologous region contralateral to the evolving inf arct. In a companion study employing the same large lesion (Dietrich et aI., 1986b) , widespread ip silateral lCBF reductions were noted as early as 30 min and persisted at 5 days and, in some areas, even at 15 days. A comparable ICBF trend was not ob served at 5 days in the present study, possibly ow ing to the smaller lesion size or the shorter light irradiation period (2 versus 20 min) used to produce the lesion.
In contrast to other studies that evaluated remote effects only at rest (Dietrich et aI., 1986b (Dietrich et aI., , 1986c Ginsberg et aI. , 1977; Pappius, 1981) , the present study also sought to document whether the pres ence of a small cortical infarct would affect the abil ity of ipsilateral pathways to increase their meta bolic rate or blood flow in response to physiological activation. The salient finding was a complete abo lition of the expected stimulus-induced increment in ICMRglc in all layers of the barrel-field cortex as well as in the ventrobasal thalamic relay station of this pathway (Table 5 ; Figs. 2b and 3) . It should be reemphasized that these structures all lie well out side o/the infarcted zone. Thus, three distinct pat terns emerged in lesioned animals undergoing diagonal hatching: unstimulated rats with left frontal infarct; cross-hatching: rats with left frontal infarct receiving left barrel-field stimulation; n = five rats in each group.) The following symbols denote statistically significant differences as assessed by two-way analysis of variance: Less than control, stimulated group-a: p < 0.05; aa: p < 0.01. Greater than control, unstimulated group-b: p < 0.05; bb: p < 0.01. Less than control, unstimulated group-c: p < 0.05. Greater than lesioned, unstimulated group-d: p < 0.05; dd: p < 0.01. Less than right-sided value of same group-*: p < 0.05; ": p < 0.01. Greater than right-sided value of same group-t: p < 0.05; t t : p < 0.01.
vibrissae stimulation: (a) in contralateral barrel field cortex, suppression of lCMRglc at rest com bined with an absence of the expected metabolic increment associated with vibrissae stimulation; (b) in contralateral ventrobasal thalamus, a normal level of resting ICMRglc associated, however, with a failure of activation in response to vibrissae stimu lation; and (c) in the ipsilateral trigeminal medullary nucleus, normal resting lCMRglc levels combined with a normal degree of metabolic activation (Fig.  3) . After normalization, these trends were apparent as well for lCBF (Fig. 3) . We construe the failure of activation of a pathway remote from a primary cor tical lesion to be a functional hallmark of diaschisis.
Diaschisis is the term introduced by von Mona kow (1914) to refer to an impairment of function in a brain region remote from a site of acute primary injury-the lesion being presumed to have resulted in "loss of excitation" in neurally interconnected brain areas (Feeney and Baron, 1986) . Thus, among the various mechanisms that might account for di aschisis, one must first consider the direct involve ment of monosynaptic or polysynaptic neural path ways projecting from the lesion site to remote ar eas. This mechanism is perhaps best exemplified by the well-studied crossed cerebellar diaschisis-a depression of cerebellar metabolism contralateral to supratentorial infarction or tumor. First described by Baron et al. using positron emission tomography and oxygen-IS steady-state techniques (Baron et aI., 1980) , the phenomenon has since been repeat edly confirmed (Celesia et aI., 1984; Heiss et aI., 1983; Kushner et aI., 1984; Lenzi et aI., 1982; Mar tin and Raichle, 1983) and its features recently sum marized (Pantano et aI., 1986) . These studies have shown that oxygen use, glucose metabolism, and blood flow are all affected, but that oxygen extrac tion fraction is normal (Baron et aI., 1980; Lenzi et aI., 1982), suggesting that the reduced CBF is sec ondary to metabolic depression (Pantano et aI., 1986) . Both cortical and deep infarcts in the middle cerebral artery territory give rise to this phenome non, and more extensive lesions tend to increase its magnitude (Pantano et aI., 1986) . The consensus is that this form of diaschisis exemplifies transneu ronal depression involving the corticopontocerebel lar system. Although some reports suggest that cer ebellar diaschisis tends to subside with time (Baron et aI., 1980) , other studies have shown it to persist chronically (Lenzi et aI., 1982; Martin and Raichle, 1983; Meneghetti et aI., 1984; Pantano et aI., 1986) . The latter is consistent with the possibility of transneuronal degeneration (of cerebellar granule cells) as an underlying mechanism (Pantano et aI., 1986) , whereas the presence of cerebellar diaschisis acutely following supratentorial stroke would argue that structural change is not a necessary prerequi site for its expression.
Transneuronal influences over projecting path ways may also account for diaschisis in the cerebral hemisphere contralateral to an acute stroke, as has been observed in both human and experimental studies (Celesia et aI., 1984; Dietrich et aI., 1986c; Ginsberg et aI., 1977; Lavy et aI., 1975; Lenzi et aI., 1982; Slater et aI., 1977; Tamura et aI., 1981) . That this phenomenon is mediated via transcallosal fi bers is suggested by Kempinsky's early studies (Kempinsky, 1958) . The suppression of regional blood flow in thalamus and basal ganglia ipsilateral to a zone of cortical infarction (Celesia et aI., 1984; Dietrich et aI., 1986b) may be a mechanistically sim ilar form of diaschisis, i.e., mediated transneuron ally.
We cannot completely exclude the possibility that the remote suppression of ICMRg1c observed in this study was mediated transneuronally. The loca tion of the frontal lesion of this study corresponds, at least in part, to the primary motor cortex (MI). Previous investigations employing focal electrical stimulation of MI have shown at least a partial func tional overlap between the lateral agranular field of MI and the granular cortex of the first somatosen-sory cortex (SI) (Donoghue and Wise, 1982; Hall and Lindholm, 1974) . Corticocortical interconnec tions between MI and SI are suggested by a study in which electrical stimulation of the motor cortex sufficient to produce contralateral vibrissae move ment led to bilateral columnar increases in 2-deoxyglucose uptake in the SI (Sharp and Evans, 1982) . The absence of increased 2-DG uptake in ventrobasal thalamus in that study suggests that the increased metabolic activity of SI was not mediated via specific thalamocortical projections. Thus, the barrel-field cortex may have been rendered quies cent in the present study via neuronal projections from the lesioned frontal cortex.
Alternative explanations, however, must be con sidered. A possible mediator of remote metabolic and/or hemodynamic effects is the release of vaso active or neuroactive substances from ischemic tis sue. Slater et aI. (1977) raised this as a possible mechanism to account for their observation that rCBF declined progressively during the first 10 days after acute stroke-consistent with the gradual re lease of vasoactive metabolites into the interstitial space of the brain. These and subsequent authors (Spatz et aI., 1986) have reviewed the extensive lit erature pointing to altered biogenic amine metabo lism in brain ischemia.
Of possible relevance in this regard are the in triguing observations of Pappius and co-workers, who observed widespread depression of lCMRglc af ter the induction of a focal cortical freezing lesion in the rat (Pappius, 1981) . This group subsequently showed that this phenomenon could be ameliorated by the nonsteroidal antiinflammatory drugs indo methacin and ibuprofen, suggesting that the phe nomenon, at least in the context of a freeze lesion, might involve a component of the prostaglandin system (Pappius and Wolfe, 1983) . A more recent study from that laboratory noted increased cortical serotonin metabolism throughout the hemisphere ipsilateral to a freezing lesion (Pappius and Dadoun, 1987) . In preliminary observations, we have shown that the serotonin antagonist ketanserin inhibits the early remote hemodynamic sequelae of photochem ically induced infarction (Dietrich et aI., 1989a) .
Similarly, the present data do not exclude the possibility of a more widespread, neurally mediated influence on local glucose use. Iadecola et aI. (1983) have demonstrated that the dorsal medullary retic ular formation, when stimulated, increases both ce rebral glucose use and blood flow throughout the brain. Thus, it is conceivable that a widespread hemispheral depression of lCMRglc might be neu rally mediated via diffuse ascending pathways.
Specific evidence of impaired thalamocortical ac tivation emerged in our study, in that ICMRglc of ventrobasal thalamus of rats with frontal infarct was normal at rest but failed to exhibit the expected increment in response to vibrissae stimulation. It is unlikely that the frontal lesion per se was responsi ble for this finding by inducing retrograde or anter ograde neuronal degeneration in ventrobasal thala mus inasmuch as afferents to that nucleus arise rather specifically from trigeminal neurons convey ing sensory information from the vibrissae (Belford and Killackey, 1979) and its efferents project uniquely to the barrel-field cortex (Van der Loos, 1976) . It is possible, however, that activation of ventrobasal thalamus was suppressed as a retro grade sequela of the metabolic depression present in the barrel-field cortex at rest. Interestingly, the N-methyl-D-aspartate receptor antagonist MK-801 has been shown to affect ventrobasal thalamus in a manner quite similar to the pattern observed in the present study: At 1-24 h after the intravenous ad ministration of 5 mg/kg of MK-801, awake rats showed normal lCMRglc in ventrobasal thalamus at rest but a moderate-to-marked suppression of tha lamic activation in response to contralateral vibris sae stimulation (Dietrich et aI., 1989b) .
The crucial unanswered question is whether there is a clinically relevant behavioral correlate of the remote failure of cortical and thalamic activation observed in this study. This question can be ap proached directly by behavioral paradigms, as have been used previously to characterize the functional recovery of this somatosensory system postinfarc tion (Hurwitz et aI., 1989) . If a behavioral deficit in barrel-field function were demonstrated under the present experimental conditions, it would become even more incumbent on clinically directed neuro scientists to assess how remote functional suppres sion might influence clinical recovery of function in ischemic cerebrovascular disease. Such observa tions might be a prelude to intelligently designed pharmacotherapy for recovery of function after stroke (Feeney and Sutton, 1987 
